In this research, the effect of the addition of fly ash particles with different weight ratios of 15%, 20%, and 25% as well as the addition steel fibers with different volume fractions of 0.25%, 0.75%, and 1.25% on the mechanical properties of concrete (compressive strength and modulus of rupture) was studied. To carry out this research, ten concrete mixes were prepared, one of which is the reference normal concrete (without any additives), the others contain steel fibers and fly ash as additives with the mentioned volumetric and weight proportions. For each type of concrete mix, three standard 150×300 mm cylinders and three standard prisms 100×100×500 mm were casted, water to cementing material ratio was fixed for all concrete mixes (W/cm = 0.435) and the superplasticizer was used with ratio of 0.98%-1.22% by weight of the cementitious material in mixtures that contain steel fibers and fly ash particles as a partial replacement of cement weight. The results showed that the addition of fly ash particles had little effect on the mechanical properties of normal concrete, while the steel fibers had the greatest effect. The highest increase in compressive strength and flexural strength compared with reference concrete was 61.60% and 78.84%, respectively in the volume fractions 1.25% of steel fiber. 
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INTRODUCTION
General
Concrete is a popular construction material commonly used in the construction of most construction projects, so, most of the theoretical and practical researches and studies are concentrated in the deeper insights to determine its mechanical properties under the influence of applied structural loads. However, concrete has a weak tensile * Corresponding author: E-mail : dr.mazinburhan@tu.edu.iq strength compared to its compressive strength, with little resistance to cracking (because of its low ductility), as a result, an additives are used to the improve the mechanical properties and structural performance of normal concrete. The construction industry has shown great interest in the use of fiber reinforced concrete due to the improvements in structural performance that can be produced compared to conventional concrete. The fibers improve ductility and durability of the concrete, it also reduces the expansion of cracking resulting from shrinkage of concrete, especially resulting from plastic shrinkage and redistribution it, as Tikrit Journal of Engineering Sciences (2018) 25 (4) (30-36) well as reduce the creep of concrete but with ratio less than that for shrinkage. Consequence, the mechanical fracture of the concrete is transformed from fracturing a sudden brittle and a danger to a ductile fracture. It also has the ability to improve concrete resistance in shear, tensile, bending, shock and fire resistance [1] . Pozzolanic materials are also added to the concrete to improve their mechanical properties, such as silica dust, fly ash and others. Fly ash is one of the most widely used pozzolanic materials in the world. It is composed of silica, silica and alumina together, which do not have concrete properties in themselves, but with water reacting with calcium hydroxide at normal temperature to give a cement compound (C-S-H), which is one of the most important components of concrete .When these materials are added to the concrete properly, they improve the concrete resistance in a very manner, give high performance to the concrete , increase the durability of the concrete , reduce concrete shrinkage during the treatment , reduce the amount of water required during the mixing process and has the importance of improving workability and in the reduction of heat hydration because of the pozzolanic reaction between lime and fly ash and thus prevent cracking or thermal cracking [2] .
Literature Review
In 2015, Sood [3] conducted a practical study on the effect of the addition of fly ash on ordinary concrete using three replacement ratios (20%, 40%, 60%) of cement weight. The optimum replacement content was found to be 20% of the cement content. Its results showed that the maximum compressive resistance was recorded at the lowest content of fly ash (by 20%) compared to reference concrete at all ages (56.28) days, therefor, he used replacement rates (15% to 25%) of cement content in fly ash for the casting of one-way concrete slabs. It was concluded that the flexure resistance of fly-ash concrete continued to increase with increased fly ash replacement rates at all ages.
In 2017, Attiya [4] conducted a practical study to improve the mechanical properties of concrete by using micro-steel fiber to improve mechanical behavior of concrete such as increasing spalling resistance and reducing cracking. The researcher used these fibers at different volume fractions from 0.1% to 2% with (W/Cm = 0.45). It was found that increased steel fibers content had a pronounced effect on increased compressive strength, tensile strength and flexibility, as well as increased elasticity coefficient values and improved stressstrain relationship. The elasticity coefficient was also improved by 77% compared to the reference mix.
In 2011, Almottiri [5] conducted a practical study to investigate the mechanical behavior of concrete contain fly ash and steel fibers in compression, tensile and flexure. According to its results, the use of steel fibers with fly ash improves concrete mechanical properties (especially tensile and flexural strength) by increasing the ratio of fly ash to 30% and the ratio of steel fibers to 1.5% in concrete.
The Objective of the Research
The objective of the research is to study the effect of addition of steel fibers and fly ash on the mechanical properties (compressive strength and modulus of rapture) of concrete and compare them with the mechanical properties of the reference concrete (without any additives).
EXPERIMENTAL PROGRAM
The concrete mix used is designed according to the ACI 211.1-91 [6] with a compressive strength of the cylinder (f c ′ = 30 MPa) at 28 days. Table 1 shows the materials and mixing ratios of the materials used.
The experimental program in this research included conduct a series of tests to study the mechanical properties of concrete. The studied properties are compressive strength (by testing cylinders of dimensions {150×300}) and modulus of rupture (by testing a prisms of dimensions {100×100×500}). The variables adopted in this study includes the fly ash adding percentage (by cement weight) and the steel fibers percentage (by content volume).
The slump test for each mixture was tested to ensure that the mix was achieved for the required workability. The ratio of (W/cm) was fixed and the ratio of the SuperPlasticizer (SP) for each mixture was adjusted as shown in the Table 2 .
Materials
Cement
An Ordinary Portland Cement Type I was used. The results of the test were in identically with Iraqi Standards [7] . The chemical and physical properties for this cement is shown in Tables 3 and 4 , respectively.
Fine Aggregate
The fine aggregate used is river sand from the AlTawz area of Salah Al-Din Governorate, which was sieved on the sieve (4.75 mm), it's tests results were conformed to Iraqi Standards [8] . The results of the tests are shown in Tables 5 and 6 .
Coarse Aggregate
The coarse aggregate used is Rounded Gravel, which is available in Al-Dibs area of Kirkuk province, with a maximum size of 12.5 mm, it's tests results were conformed to Iraqi Standards [8] . The results of the tests are shown in Tables 7 and 8 , indicating their conformity with the above specification.
Admixtures
SuperPlasticizer
(GLENIUM 54) was used in the present research as a high water-reducing additive (HAWRA) shown in Fig. 1 to enhance early and end resistance, and as a high performance to produce a well workability and easy to flow concrete. This (HAWRA) is conformed to American Standard (ASTM C494 Types A and F) [12] . Table 9 shows the technical specifications of this additive. 
Fly Ash
Fly Ash is manufactured by the Turkish Company (ISKENMENT-TR). Fly ash shall be added to concrete according to US and British standard [13] and [14] . Table 10 shows the results of the chemical analysis and Pozzolanic activity of this type of ash.
Steel Fibers
The steel fibers used in this research are Ultra Steel Fibers type (Dramix®) made by Bekaert of Belgium. Steel fibers are straight fibers made of steel and copper plated as shown in Fig. 2 . Table 11 shows the specifications of the steel fibers used in the current research. 
Mechanical Properties of Hardened Concrete
Compressive Strength ( ′ )
Compressive strength in concrete is one of the most important mechanical properties of concrete in most structural applications. In the present study, the compressive strength was tasted at 28 days for all concrete mixtures by taking the rate of three cylinders of dimensions (150×300) mm for each mixture as shown in Table 12 and Figs. 3-5 .
The results showed that the concrete mix (M8) containing (1.25) of steel fibers and (15%) of fly ash recorded the highest compressive strength for all mixtures with an increase of (61.6%) compared to the reference mixture (M1), This increase is due to the regular distribution of fiber within the concrete textures , which makes it cohesive and more hard to resist cracking in the tensile area and resist the resulting side strains , as well as the good reaction of fly ash with calcium hydroxide resulting from the cement hydration process which resulted in denser , stronger and less permeable concrete .
In concrete mixtures containing different volume ratios of steel fibers and different weight ratios of fly ash, it is observed an increased reduction in compressive strength by increasing fly ash content to the same ratio of fibers for all mixtures except M7 and M10. This is due to the slow Pozzolan reaction which causes to delay the acquisition of resistance in the early ages but give exceptional results at the long extent, while offset by a significant increase in compressive strength by increasing the volume ratios of steel fibers in the concrete mix because of the fact that the coefficient of elasticity of steel fibers is higher than the coefficient for the elasticity of concrete and these results correspond to the results of other researchers [1, 15] . 
Modulus of Rupture ( )
Modulus of rupture of concrete is affected by the quality and quantity of materials involved in the production of concrete. The results of the Modulus of rupture test for all concrete mixtures at 28 days are shown in Table 13 and Figs. 6-8. From Table 13 , it can be observed the increase of the flexural resistance of the concrete by increasing the weight ratio of fly ash. This is due to the reaction of fly ash particles with the calcium hydroxide resulting from cement hydration process form additional calcium silicate during the reaction process which produce a dense, less permeability concrete and increase the strength of bonding between the concrete and steel fibers. Also it can be seen that the flexural resistance is increased by increasing the steel fibers percentage which produces a high flexibility coefficient of steel fibers (higher than the normal concrete elasticity coefficient) which makes them contribute with the concrete mixture in resistance of tensile stresses, delay the appearance of bending cracks, improves ductility and resistance to bending. This finding is correspond with other researchers [1, 5] . 
CONCLUSIONS
 The replacement of fly ash particles with different ratios of the cement improves the compression resistance of concrete compared to the reference concrete (without fly ash), but the increased replacement rates of fly ash caused a reduction in compressive strength of concrete cylinders. The addition of steel fibers performs to a significant improvement in the resistance of compression of concrete cylinders, and this improvement is increased by increasing the volume ratios of steel fibers. The highest increase in compressive strength of the concrete cylinders compared to the reference concrete (without additives) was (61.60%) at the weight ratio of (15%) for the fly ash particles and the volume ratio of (1.25%) for the steel fibers. The lowest increase in the resistance of compression of concrete cylinders was (14.14%) at the weight ratio of (25%) for fly ash particles and the volume ratio of (0.25%) for steel fibers.  The flexural strength of concrete prisms increases with the increase of percentages fly ash particles and steel fibers, respectively. The highest increase in the flexural strength of concrete prisms compared to the reference concrete (without additives) was 78.84% in the weight ratio of (25%) for the fly ash and for volumetric ratio (1.25%) for the steel fibers. The lowest increase in the flexural strength of concrete prisms was (11.36%) at the weight ratio of (15%) for fly ash and for volume ratio of (0.25%) of steel fibers.
